ABSTRACT: The study of rainfall seasonality in different geographical areas in Greece using an individual seasonality index was the purpose of the present work. The correlation of the seasonality index (SI -, sum of the absolute deviation of mean monthly rainfall from the overall monthly mean divided by the mean annual rainfall) with the mean individual seasonality index (SI i -average of SI i for each year i) was initially determined. A regression analysis of SI -with geographical latitude resulted in a statistically significant inverse linear correlation. The time series trend of the SI i was examined to verify that no significant change in rainfall seasonality occurred.
INTRODUCTION
In recent years, the study of rainfall characteristics has attracted attention, especially because extreme weather conditions and possible climatic changes have been observed. Rainfall seasonality is a complex concept which incorporates a number of independent components (Walsh & Lawler 1981) . Seasonality assesses the seasonal contrasts in rainfall amounts, and not dryness or wetness in an absolute sense. A comparison of the monthly rainfall distributions of different regions can be made by quantification of rainfall regimes. Ramage (1971) , Jackson (1977) and Nieuwolt (1977) describe rainfall seasonality in qualitative terms. First attempts to quantify rainfall regimes were made in the past by Ayoade (1970) , Markham (1970) and Nieuwolt (1974) . Walsh & Lawler (1981) proposed a modified index for relative rainfall seasonality, which had been previously defined by Ayoade (1970) . Barry & Perry (1973) reported that it is possible to define regions with similar precipitation patterns by seasonality indices estimated using harmonic analysis. Lau & Sheu (1988) applied harmonic analysis on the monthly value in rainfall amounts and defined the amplitude of the first harmonic, which covers 1 wave over the whole period, as the seasonality index. For the definition of relative rainfall seasonality in Africa, Hulme (1992) considered the standardized amplitude of the first harmonic that refers to the annual cycle of rainfall.
Harmonic analysis in precipitation climatology was also used in later studies to definite climatological regions in Turkey by Kadioglu et al. (1999) and in Jordan by Tarawneh & Kadioglu (2003) . More recently, Kanellopoulou (2002) indicated that the Greek area can be divided into 4 sub-regions using the seasonality index (SI -), which is calculated from mean monthly rainfall data. The spatial and temporal rainfall distribution in Greece varies greatly. Mean annual rainfall amounts are especially small (about 350 mm) in the eastern regions of central and southern Greece, while in western Greece and in the mountainous areas of central and northern Greece, they exceed 2000 mm.
Based on a network of 150 rain gauge stations from which the most representative are shown in Fig. 1 , and a map (Mariolopoulos & Karapiperis 1955) of the mean annual contours of rainfall amounts (Fig. 2 ) the existing variations were determined. The greater rainfall amounts are measured during the autumn and winter, while during the summer rainfall occurs only in the northern part of Greece and mainly on the highlands.
From the above network a total of 26 stations which were considered to be the most representative (Table 1) were examined. The existing rainfall data correspond to the period 1950 to 2000 (except for data from the Orestias station, Stn 21, located in the NE part of Greece, where a 41 yr data set was available). Missing data from other stations, which corresponded to < 5% of each data set, were filled in by interpolation from adjacent stations.
The present study focuses mainly on the individual seasonality index (SI i ), which provides information about the interannual variations in seasonality, whereas the SI -estimates only the mean seasonality over the length of the available records. Thus, temporal variation in seasonality will be investigated via the mean individual seasonality index (SI i ). A correlation between the 2 indices was found and the spatial distribution of the SI -, as well as the relation of this index to geographical latitude and proximity to the sea, were investigated.
QUANTIFICATION OF RAINFALL REGIMES OVER GREECE
Relative seasonality of rainfall can be expressed by the coefficient of variation (CV) of monthly rainfall amounts throughout the year. This statisti- Contours of average annual rainfall amounts over the Greek territory according to Mariolopoulos & Karapiperis (1955) cal parameter indicates seasonal variations in rainfall amounts. Nevertheless, it is important not only to identify but also to characterize these seasonal variations, and those seasonality indices were used in the present study. The SI -and the SI i -proposed by Walsh & Lawler (1981) were applied in order to quantify the annual rainfall regimes. These indices can show differences in relative seasonality even in areas with 2 or 3 rainfall peaks throughout the year. The SI -is defined as the sum of the absolute deviation of mean monthly rainfall from the overall monthly mean divided by the mean annual rainfall
(1) where x n indicates the mean rainfall of month n and R -the mean annual rainfall. This index varies from zero (when all months share the same amount of rainfall), to 1.83 (when all rainfall incidences occur in a single month). A classification of rainfall regimes based on SI -values is shown in Kanellopoulou (2002) , based on a 30 yr rainfall data set from 30 meteorological stations. The result was the classification of Greek territory into 4 zones, ranging from a rainfall regime which is 'equable with a definite wetter season to a regime which is 'markedly seasonal with a long drier season'. The present study estimates the SI -for a total of 150 stations, which are well distributed over the Greek territory. The available data sets exceeded, in some cases, 50 yr. A first conclusion of this work indicated the existence of an additional zone in the northern part of Greece, one fitting the classification 'very equable', and allowed the definition of a statistically significant negative linear correlation (r = -0.838) between the SI -values and geographical latitude ϕ (Fig. 3 ). In the case of the greater Athens area (16 rain gauge), the SI -index varied between 'rather seasonal with a short drier season' and 'seasonal'. Deviations in the SI -for such small distances was attributed more to proximity to the sea (linear correlation coefficient r = -0.359) than to the altitude of the station. Similar results (r = -0.446) were also obtained when 15 coastal and lower elevation inland meteorological stations in the Macedonia area (north-central Greek mainland) were used. As a result, the closer the station was to the sea, the larger the SI -value became.
Moreover, the correlation between the SI -values and the CV of the mean monthly rainfall amounts was statistically significant (r = 0.98). 
SEASONALITY INDEX (SI -) AND MEAN

INDIVIDUAL SEASONALITY INDEX (SI i -)
According to Walsh & Lawler (1981) (Table 3) . When the SI -͞SI i -ratio is high, the month of maximum rainfall occurs over a small spread of months and the range of SI i -values is also small. This leads to a high repeatability of the mean rainfall regime and vice versa. presents a scatter diagram of the SI i with regard to annual rainfall for the 2 stations. As seen in Fig. 5 , there is no relationship between annual rainfall and seasonality. Also, no correlation was observed between annual rainfall values and the corresponding SI i values. This can be explained by the fact that the SI i index values depict only the interannual variability of rainfall. This is also observed by the statistically significant logarithmic correlation coefficient (r = 0.55 to 0.91) between annual rainfall CV and the corresponding SI i index. Considering that the SI i gives more information about rainfall seasonality than the SI -index, the relationship between SI i -and SI -has been examined.
A statistically significant correlation (r = 0.951) between SI -and SI i -values was found (Fig. 6 ), which is expressed by the formula:
The above relationship is not of general use, having failed to apply to the Walsh & Lawler (1981) data. Thus, it was concluded that the constants must be determined for each site.
In order to study in more detail the variation in the SI i index over Greek territory, the SI i values for each year were estimated. 
TIME SERIES ANALYSIS OF SI i
Rainfall regimes over the Greek area are characterized by a marked dry season and a wet winter period. A change in the annual rainfall amounts (Goudie 1977 , Hatfield et al. 1999 or in seasonality is possible when the duration of the wet or dry season changes (Stoddart & Walsh 1975 , Stoddart 1979 . To investigate trends in the time series of the SI i index, the Spearman statistical test of tendency was applied (Sneyers 1975 , Lioki-Livada & Asimakopoulos 2004 . Thus, the correlation coefficient, r S , between i and k n was calculated: (3) where i is the order of each value in the time series, k n is the order of each value in the increasing tabulation class of the SI i index and N is the sample magnitude.
The distribution of r S follows asymptotically the normal distribution with mean E(r S ) = 0 and var(r S ) = 1/(N -1) where E(r S ) is the mean value of the normal distribution of r S and var (r S ) is the variance of the normal distribution of r S . The probability α 1 = P(|u | > |u(r S |) is estimated at a significance level of α 0 = 0.05, where α is an expression of the probability α 1 in order to test the null hypothesis, u(r S ) = r S 12223 N -1 is a value of the distribution of r S , and u is a value of the normal distribution of the population of r S . The null hypothesis (H 0 : no tendency) is accepted if α 1 > α 0 (Sneyers 1975) .
The r S values of Spearman's statistical test for these stations are given in Table 4 . In all cases, the test has shown that there is no statistically significant trend in the SI i index. Thus, there is no obvious change in the duration of the wet or dry season.
In general, it can be considered that with the application of a 10 yr low-pass filter, the time series of smoothed SI i values can be better approached by a linear regression line. Afterwards, the least square method (Lioki-Livada & Asimakopoulos 2004) was applied in order to study the tendency of the time series. The tendency was tested by the statistical significance of the slope b of the regression line (Zar 1999) . The application of a Student's t-test (Table 4) showed that there is no statistically significant tendency at any station at the 0.05 significance level, since all t b values were lower than the critical value (t 0.05 = 2.01). The tendency analysis was not applied to the 
CONCLUSION
The SI -defined over the Greek territory was found to range between 'very equable' and 'markedly seasonal with a long drier season'. This leads to underestimated values (especially for small SI -values). More realistic seasonality evaluations for the rainfall regimes over Greece can be made using the SI i -. It has been found that the SI i -values vary from 0.544 to 1.005. Between the 2 indices there is a statistically significant exponential correlation, which allows for an accurate evaluation of the SI i -index. The equation relating the 2 indices (SI -and SI i -) can be applied to other regions, providing that the constants are suitably determined.
Furthermore, it was found that there is a statistically significant negative linear correlation between the index values SI -or SI i -and geographical latitude, while at the same time the influence of proximity to the sea on seasonality is apparent. The significant impact of summer thunderstorms on the SI -values, which is a regional phenomenon in Greece, does not allow a classification of Greek territory according to the rainfall seasonality index. In addition, SI i values very accurately depict interannual rainfall variability, indicating no statistically significant trend. Thus, it can be concluded that the observed rainfall regimes have not changed in the last 50 years, despite the observed reduced tendency in the annual rainfall amounts. 1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 Years Individual seasonality index KOZANI METHONI 
